Many invasive plants increase aggressiveness after introduction. Since 15 evolutionary forces such as herbivore pressure may change over different time scales, 16 understanding the changes in biotic interactions in invasive plants through time can 17 clarify the mechanism of their evolution in aggressiveness. In this study we examined 18 the geographic variation in phenotypic traits of Solidago altissima and the abundance of 19 two exotic herbivorous insect species (the aphid, Uroleucon nigrotuberculatum and the 20 lacebug, Corythucha marmorata), which are recently expanding their habitat on S. 21 altissima populations over Japan. The two exotic insects were present at high density on 22 S. altissima throughout their range. No differences in growth traits (plant height and 23 number of leaves) were found among populations, and all plants examined appear to be 24 exclusively hexaploid. Future studies on population genetics and common garden 25
Introduction 32
Rapid evolution has been found in many successful invasive plants, including 33 A perennial herb, Solidago altissima, was introduced to Japan in the early 43 19th century from North America, and has expanded its distribution rapidly over Japan 44 after the 1960s (Shimizu 2003 has a large impact on the native insect community via changing S. altissima traits (Ando 57 et al. 2011). On the other hand, the lacebug has been rapidly expanding its habitat, and 58 has become a serious pest of crops such as chrysanthemum and sweet potato in Japan. 59
The aim of this study was to elucidate the geographic variation in the abundance of the 60 two exotic herbivorous insect species among S. altissima populations over Japan.
Because the abundance of the herbivorous insects is dependent on plant traits such as 62 plant size (Lawton 1983) and ploidy levels (Halverson 2008b), we also examined plant 63 traits related to the abundance of the two insects. This is fundamentally important for 64 understanding the changes of the herbivore pressure on S. altissima after expansion in 65 the invasive range. 66
Methods 67
In June in 2011 and 2012, we surveyed the abundance of the two exotic 68 insects at 15 sites (1-5 S. altissima populations per site) in Japan (Table 1) . Populations 69 at each site occure within radius 10 km, and the distance of two adjacent populations 70 was 1 km. We surveyed 5-10 individual plants (three ramets per individual) 71 distinguished by clumps in each population. For each ramet, number of the two insects 72 was counted. 73
We recorded plant height and number of leaves for all ramets which the insect 74 survey was conducted. Then, we collected rhizomes from five individuals of one 75 population at each site for determination of the ploidy level. Ploidy levels were 76 determined by flow cytometry and chromosome numbers (chromosome counts in root 77 tip squashes of the cultivated plants from rhizomes). The root tips were treated with a 78
sample was chopped for 30 sec using a sharp steel razor blade in 400 µl of extraction 84 buffer (Partec, Görlitz, Germany) and filtered using a 30-µm CellTrics disposable filter 85 (Partec). For each sample, the filtrate was mixed with 1.6 ml of staining solution 86 (Partec) and the mix was incubated for 60 s. We analyzed these samples, using CyStain 87 UV precise P (Partec). We converted fluorescence to chromosome number, using 88 standard samples (hexaploid samples determined by root tip squashes). Only samples 89 producing a histogram peak with a low coefficient of variation (< 5%) were retained. 90
The standard sample was checked after every five samples. 91
Results & Discussion 92
Both the lacebugs and the aphids were observed in high densities while nativegeneralist herbivores including grasshoppers and geometric moth larvae were rare. 94
Although there was a considerable variation in the aphid abundance among populations, 95 aphids were found in all sites (Table 1) . On the other hand, the lacebugs were absent in 96 sites of Hokkaido and Sado, indicating that they have not invaded those sites yet ( Table  97 1). The effect of the latitude was marginally significant on the abundance of the 98 This indicates that all individuals of S. altissima examined in the present study had the 111 same ploidy level and they were hexaploid (2n = 54) (Table 1) . Therefor, they were all 112 subsp. altissima. 113
Our field survey suggests that the two exotic insects were dominant 114 herbivores on S. altissima. In particular, the lacebugs may have a selective impact to the 115 traits of S. altisima because they continue causing severe damage to the plant by 116 sucking the leaf tissue until the end of autumn. Moreover, because C. marmorata is 117 expanding its range concentrically, the dates of population establishment differ 118 geographically (including absent sites). This provides an excellent opportunity to test 119 the potential of the selective impacts of this herbivore on traits of S. altissima. Although 120 no differences in plant height and leaf number among populations indicate no difference 121 in plant growth traits throughout the range, other traits such as reproduction and 122 resistance may differ among populations with different abundance of the exotic insects. 123
There are two possible explanations for the result that only hexaploid plants were found. 124
One is that only hexaploid plants had been introduced. Another is that other ploidies hadbeen also introduced, but they failed to establish or expand its ranges. Studies of the 126 ploidy level of S. gigantea in the invasive and native range revealed that tetraploids 127 were more invasive than diploids and it was the only cytotype found in the invasive 128 range (Schlapfer et al. 2008; 2010 
